Please cite this article as: Loiselle, A.R., Neustaeter, A., de Kleine, E., van Dijk, P., Jansonius, N.M., Associations between tinnitus and glaucoma suggest a common mechanism: A clinical and populationbased study, Hearing Research (2020), doi: https://doi.
Introduction

53
Primary open angle glaucoma (POAG) is a chronic and progressive eye disease that is 54 characterized by damage to the retinal ganglion cells and their axons and subsequent loss of 55 visual function. If left untreated, it can eventually lead to blindness. Although POAG is often 56 associated with a high intraocular pressure (IOP), a large proportion of patients will have a 57 normal eye pressure. The underlying cause of POAG is therefore still not well understood Patients and healthy subjects were described with mean and standard deviation (SD) for 144 normally distributed variables; means were compared using the Student's t-test. Proportions for 145 demographics and for the questionnaire results were compared using a chi-square test. For the 146 patients, disease severity was quantified as the standard automated perimetry (Humphrey field 147 analyzer 30-2 SITA; Carl Zeiss Meditec, Jena, Germany) mean deviation (MD) of the worse eye.
148 149 A logistic regression was performed using a model with tinnitus as the outcome variable and 150 glaucoma, age, gender, body mass index (BMI; categorical variable with "low" ≤ 18.5, "normal" 151 = 18.6 -24.9, "high" ≥ 25 kg/m 2 ), hypertension (antihypertensive medication use), and diabetes 152 (use of Metformin or insulin) as explanatory variables. BMI, hypertension, and diabetes were 153 added to the model as these have previously been associated with both tinnitus (Figueiredo et al., 154 2016; Gibrin et al., 2013; Janssen et al., 2013; Lavinsky et al., 2004; Lee et al., 2018; 155 Shargorodsky et al., 2010) and glaucoma (Janssen et al., 2013) . This was repeated after 156 stratifying glaucoma into glaucoma with high and normal IOP, using a pretreatment IOP > 21 status (SES), and subjective hearing loss as explanatory variables. SES and hearing loss data 166 were available for Lifelines and were included in the model because both are associated with 167 tinnitus (Eggermont, 2012; Hoekstra et al., 2014) . SES is possibly also related to glaucoma (Oh 168 et al., 2019; Ramdas et al., 2011; Shweikh et al., 2015) , while the relationship between hearing 169 loss and glaucoma is not clear for all glaucoma types (Tryggvason et al., 2016) . For this analysis, 170 tinnitus was binarized (never = no; sometimes or always = yes). Hypertension was defined as 171 one of the following: systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 172 mmHg, or use of antihypertensives (ATC code C02), diuretics (ATC code C03), ACE inhibitors 173 (ATC code C09) beta-blockers (ATC code C07), or calcium channel blockers (ATC code C08).
174
Diabetes was defined as one of the following: 'yes' to the question 'Do you have diabetes 175 mellitus?', or use of metformin (ATC code A10BA or A10BD) or insulin (ATC code A10A). leven beperkt door problemen met uw gehoor?") and answer options were "not at all limited", 182 "somewhat limited", "severely limited" (in Dutch: "Nee, helemaal niet beperkt", "Ja, een beetje 183 beperkt", "Ja, ernstig beperkt"). An OR and 95% CI were calculated in order to identify the 184 likelihood of tinnitus when glaucoma was present and to compare the Lifelines data with the 185 clinical study questionnaire.
All analyses were performed using R (version 3.3.3; R Foundation for Statistical Computing, 188 Vienna, Austria). A P value of 0.05 or less was considered statistically significant. For the clinical study, we sent 371 questionnaires and received 209 responses from glaucoma 193 patients (response rate 56.3%) and 109 from healthy subjects (the actual response rate is not 194 known, as we don't know how many patients gave the second questionnaire to a spouse or friend 195 -see section 2.1). From the Lifelines cohort we included 390 participants as "affected" and 196 72,319 controls. Table 1 shows the characteristics and demographics of both study populations.
197
For the clinical study, glaucoma patients compared with healthy subjects were similar in age and 198 gender. The average age of participants within the Lifelines cohort was approximately 50, that is, 199 significantly different from those that are affected with glaucoma (62 years, on average). In Lifelines, the logistic regression showed that, when controlled for age, gender, BMI, increase in odds for tinnitus compared to those without glaucoma (adjusted OR 1.19; 95% CI 237 1.02 to 1.40; P=0.028). Again, there was no gender-specific effect of glaucoma (interaction term 238 gender*glaucoma not significant; P=0.72). Figure 1 shows a comparison between the frequency 239 of symptoms in the clinical study and Lifelines. In the current study we find that in both the clinical and Lifelines studies, those with glaucoma 244 are more likely to have tinnitus than those without glaucoma. The symptoms are not pulsatile in 245 nature, and there is no gender-specific effect of glaucoma. Pretreatment IOP also did not seem to 246 affect the outcome.
248
There has only been one previous study investigating the association between glaucoma and 249 tinnitus, in which questionnaires from 246 glaucoma patients with normal IOP and 1,116 250 controls were analyzed and showed these patients were more likely to have tinnitus (Konieczka   251   et al., 2017) . This is in agreement with our findings. In our study, however, we found this 252 association for all glaucoma patients, including those with high pretreatment IOP.
254
We know that tinnitus is associated with hearing loss (Eggermont, 2012) , so an obvious question 255 is: Do glaucoma patients simply have more hearing loss than healthy people? There has been 256 research that demonstrates a relationship between pseudoexfoliative glaucoma (PEX) and 257 hearing loss, however this result is not found in POAG (Hayreh et al., 1999; Paliobei et al., 2011;  Hearing loss is more common with older age, but in the clinical study, the groups were similar in nitrites to NO in the stomach, a normal gastric pH must be present, therefore the use of any 283 medications that raise the pH in the stomach, like proton pump inhibitors (PPIs) could hinder this 284 pathway as well (Lundberg et al., 1994) . demonstrates that the association between tinnitus and glaucoma is a repeatable finding.
Conclusion
308
People with glaucoma are more likely to have tinnitus than those without glaucoma. Future 
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